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R&e 2m Aloladcylinaers of 2b%nahdiam%er, 394nchto 
PO-inch length, and O.OlEbTmh 6 thiclmeee, reinforced with 2m 
alem oy stringers and r3ngt3, lmre tem-ted In plrm bending. on one 
side of the oylinber, situated symmetrically with respect to its hoti- 
z0ntalplan.e of eymmetry,therewas acutout exbendAngcmerl2.~ inches 
or 19.3 inohes in the lon&tudWal 
wOt 

direction and over an angle of 45O, 
or 135O in the 0iruEmrperential dimctiap. !me atrain in the 

stringers and inthe sheetccmeringwasme~~dnithmetaleotrio strafn 
we* 

Thfs stress distributiononthe complete aide ofthe cylUders 
deviated little frcmthe linear lav valid for cylinders without a cutout. 
On the cutout side, however, the stresses were consideraUy reduced in 
the stringers overthe middle portionofwhiohthe cutout extended. In 
the edge utrhgere, that ie, 6trtngers bordering the cutonts, the utrese 
bmreased in the middle of the cylinder, The maximam value of the t3treae 
was abou&lOperoenthiEjherthanthe value caloulatedfrcmthe conven- 
tiaaalbe~fornazlaMc/Iw~nIwaetalPbnasths~ntof bertiaof 
the cross section of the portibn of the cylinder where the cutout was 
situatea. The cmly exception was the maximum stress in me cylinder 
with a large cutout, which stress amounted to 195 percent of that 
given by the formula Mob when the load was 80 percent of the bucklFng 
load. In the calculation of the moment of inertia, the effective 
width of sheet was used. 

All the nine cylinders tested failed in general instability. The 
crest of the main bulge was located at the edge stringer au the com- 
pression side end secoz~Q~~- bulges appeared usually near the lowermost 
stringer in the cylinder, 
cutozts extending over 450, 

The buckling loads of the cylinders having 
@', and 135O were 80.3, 59.7,ELna 58.7 

(68.6, 65.5,aria 60.8) percent, respectively, of the buckling load of 
the cylinder without a cutout. The values in parentheses refer to 
cylinders having 8 stringers, the other values to cylinders having 
16 stringers. 
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The cylinders carried large loads even after buckling. In general 

the size of the bulge and the number of the .bulges increased when the 
loading was continued after the first buckling. 

I 

l 

The problems of the distribution of the stresses in and the general 
instability of reinforced molloco ue cylinders kaving cutouts were dis- 
cussed in three earlier reports ? references I to 3). These inv0stIgat$ans 
dealt with cylinders in which the cutout was situated on the compression 
side. In the present report, results of experiments are presented that 
were obtained with oylinders in which there was on one side of the 
cylinder a outout symmetric to the neutral axis of the cylinder. 

Two major effecte of outouts in monoaoquee are to be noted. on8 ie 
the redistributionof streeeneerthe opening. The present report give8 
reeulte of strain meaauremente which were obtained at the Polytechnio 
Institute ofBroolrlynAeronautioalLaboratorieswithnine circular 
oylindersteatedinpurebending. A later report will oontain theoretical 
csloulationaandac~erieonofthetheorywithexperimsnt. It may be 
Illentionedhere, h.owever,thatgoodagreement hasbeenobtainedbetween 
thethaoreticalsndthe eqerimetntal axial st=ssee. The seconditem 
investigated is the effecst of the outout on the failure of the oylinder. 
This effect Is inul&ed in the one first mentioned if failure occurs in 
the fomnofmaterialfailare,looalb~~ing~ &thin-wall edelmrmt, 
or InacXLlng of a strinepsr betwmen two adjacent fYam98. 

An entirely new problem arises, howepBr, when failure irs cautsed by 
general in&ability. general -ability ie defined aa the rrimultaneous 
bucklingofthe lon@tudIml sndcirctierentiel reinforcingelemente of 
a monoooque cylinder together with the sheet attached to them. This typb 
of bucking of reinforoed circular monocoqllrs cylinders, each having a 
symmetric cutout and subjected to pure bending, was recently investigated 
at Polyteohnis kertitute of Brooklyn Aeronautical. Laboratories and is 
described in referenoee 1 and 3. An experimental 3mport of the general 
inettability of reinforced mcnouogU3 oylinders having no cutout is avail- 
able in referenue 4. It is rather obviousthata cutout in amonocoQue 
cylinder m&me general instability possible under a load tmnaller than 
thebucEU.ngloadof aoomple&e aylinder. 

The eeoondpurpose of the investigations deecrlbed inthe present 
reportwasto oolleot data z~gardingthebux&led shape endthe bucEli.ng 
load of oylinders having side outouts of different sizes. EL a later 
report anattemptwillbe made to develop a stra~nergytheoryofthe 
general instability of reinforced monocoque cylinders with side outout. 

I 
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The inveertigations deeoribedwere conducted~rthe mponsormhip 
and with the finanoial aid of the National Advieory Committee for 
Aeronauticws. Mr. E&old Liebowitz* contribution to the confrtruction, 
testing, andevalaation of the %eat results ie a&mmledged. 

SYMBOIS 

0 
d 

E 

I 

fc 

M 

%r 

SO 

2u 

2w* 

Ecurved 

6 
escp 

'flat 

'6-W 

6x 

distaame fromneutralaxIs 

fstrlnger ebpadng maaured along drcmmfemmce 

young*0 mahlltln 

mom& of inertia of oylinder arosrs section with respect 
to nedral sris 

moment of insrtisvithrespecttonslrt;ral~sofcrose 
aeotion of portion of oylinder where catoa$ lb aitnated 

applied bend&g -nt 

critical banding mment (at general Instability) 

d.zLa-tance from neutral axie.of oyl3nder oroae eection with 
cut'out 

effeotive width of flat pans1 

effeotive width of ourved panel 

normal etraikinsheetinciro.EmrPsrential direction ' 

calculatednormal ertraln In nrtA7 direction 

bucklingBtra.Tnof nonreinforced circular cylinder under 
uniform axial compression 

experimental normal etrafn in axial direction 

bucU3n.g strainof flatpanelun&rmifonncompreasion 

axlal strati in etringer 

normal atmin in sheet covering in axtal direction 



4 

TEST SRECIMEHS,RIG, ARD RROCEDURE 

HACA TN No. 1264 

The test cylinders are ahown in the schematic drawing8 of 
figure8 l(a) and l(b). They were numbered coneecutively from 35 to 43. 
They consist of a 24-m Alclsd sheet covering of O-012-inch thiclmess, 
eight or sixteen 24-ST al-m-alloy etriugers of 

1 
?-inch equare section, 

and a nuuiber of 24-ST ctltmhtm-alloy rings of-- 
8 by 

93 %-inch rectangular 

section, The diameter of the cyliudere ie 20 Inches and their length 
varies from 39 to 90 inches. Except for the length of the cylinder and 
the location of the cutout, the oylinders were constructed iu exactly the 
same mauuer a8 thoee described in refereme 1. In the test series of the 
present report, each cylinder had a cutout on one side extending over two 
or three ring fields aud one.to 81x &ringer fielie. 

The teet rig and the attachment of the cylinder8 to the rig were 
very much the seme as those used In the tests described iu reference 1. 
Figure 2 is a photograph of the test eetup and figure 3 a close-up of the 
ewiveliug parallel-liukage mechanism ineerted between the loading head 
and the loading arm. The upper joint of this mecheniem is attached to 
the loading head by means of ball thrust bearings, while at the lower 
joint a ball bearing constitutes a roller which can transmit to the 
loading head compressive forces only. The rest of the mechanism is a 
simple parallel linkage: The swiveling arrangement was provided in order 
to perPlit ttietiug of the monocoque cylinder at buckling. In the 
experimente, however, no 8uch twisting could be observed. 

As in the ,e&lier teate, the load UBJJ applied by means of a mechan- 
ical jack end its magnitude was measured by Baldwin-Southwark SE+4 
mtalectric strain gage8 type A-l cemented to a calibrated load link. 
The strain in the test cylinders was measured in every stringer in two 

end bands 5$ inches from the edge of the end ringa, except in Cyliuder 41 
iu which the end kd ~8s + inches from the' end rings. The strain -was 
also measured in the middle baud in the plaue of -try of the cylinder 
end with some cylinders in am many a8 three additlouel bends between the 
end8 and the middle of the cylinder. The measurements were made with 
pair8 of SE@+ type A-l strain gages cemented to opposite aides of the 
stringer aud counected la series, in order to obtain the average normal 
etrain in the stringer. In Cylinder 40 the axial strain MS measured 81~ 
In the sheet cmertiq op the ten&m side around the cutout in the Qiddle 
of eight panel8 by pairs of SR-4 type R-4 equilateral strain rosettes 
cemented to each side of the sheet covering. In addition, the rosette 
readings were used to determine the shear strain in these panels. 

In referenue 1 it was mentioned that a systematic decrease in the 
nomnal strain wae obeertred from the loading head in the direction of the 
end s-tend. Since the obeervation was made in the evaluation a+%?@ of th8 
work after completion oi ell.the experiments, the reason for this 
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increase oouldnotbe inveetie;ateb atthattime. Atthe beginnkgofths 
present test BerieB, en investigation disoloeed that the 1oe.d in the cable 
that had One endattaCh&tothe loading head andthe Other to the COUnt8P 
weight varied during the loading. The variations were attribute&to 
friction in the 8heav68, particularly when the direction of the cable 
became inclined because of the deformationer of the te8-k spectin. For 
this reason, for Cylinders 36 to 43 ell the experizllenta were carried out 
xithacalibratealoaalinkineel-ted inthe cable betweentheloadinghead 
andthe firet ~heave,mdthe force inthe cablewaameasumdatthe 
beginningofeachst~ of loading. If thie foroe deviated from the known 
weightofthelOadinghead,weightBwere added ortalmn off until the 
requiredloadreadtngwae obtainsd. Inthie mannerthe egatematic err0r 
di8ous88d in reference 1 wa8 8Uminated. The accuracy of the nnaeurewnte 
wasthea 8am3 a8 inthe experimtie describedin~ferenc3e 

0-J 
. The maxImum 

error of the 8train measurements we4 founLlt0 be +X0 Xl inohper inch. 
The appliedl0adwa8meamme &with an e-or of lese than frj0 pounde. 

Freeentatian of Test Results 

Results of the strainlneasure~llents inthe 8trTng8rs are presented 
for one orbothendbands, forthe tidclleband, snd in 8011~9 case8 for 
irrtermdiate band8 of the cylinders. The presentation ie in the form of 
diagrenm in which the Btrain is plotted aga3net the ckktence of the 
stringer fr~mthe horizontal diemeter of the cylinder. Theee basic data 
are contained in figure8 4 to 30. TheBhearBtraJnmea8uredinthepanela 
of Cylinder 4.0 is indicated in figure 31. 

The effect of the size of the cutotrt qmn the Straia ie ahown in 
figure8 32 to 42. Figurea 32 to 35 contain compar%Bone of the atrain 
diagr8m~ correepondingto cuto*s of ~miLl,3nedium,anblerge size tithe 
o~uurPereIltial d-irection. Figures 36 to 39 preeent the variation of the 
aJdalBtrainal~theedgeetringerandthegt;~rnsxttotheedgbat 
different valuee of the applied bending rmment. Figure8 4.0 to 42 ere 
strain trajectories. 

The variatian of'the BtraU with applied bendiixg moment is plotted 
in figure8 43 to 46 for a few 8trlngers of three representative cylinders. 

The final reeulte of the expertintel inveStigat1on ere presented in 
figures 47 to 49. Figures 47 and 48 ~huw the Btrain factor8 for various 
percentsges ofthebun~ingload. The strain factor 18 deftid 88 the 
mgx%nmn strain nmasured in the cylinder at a given load divided by the 
maximnm strain corresponding to the 8~~9 load a8 mlculated from the 
formula MO/I, in whioh I, is the effective mamsnt of insrtia of the 



6 NZiCA TN No. 1264 

cram secticm (calculated with consideratim of the effective width of 
sheet) of the cylinder at the location of the cutout-. The value of' the 
bending moment at buckling IEI shown in figure 49 as a function of the 
size of the cut&t and the number of stringers contained in the cylinder. 

- 
Some of the experimerrkd data are contained In the two tableer. In 

table 1 the applied bending moI.ImntB are compar8d with those calculated 
fromthe strainval~e measured inthe variousband~. In table II data 
related to the buouing of the cylUd8r am given. ThebucKLed ahape of 
the cyltider can b8 888n framthe photographs pr88.8nted 88 figurea 50 
and 51. 

plonllnearity of Normal Strain Distribution 

It i8 0IIS-tCQIEC-y ill afI"@a.IM Bt?F888 &yBi8, and t3Ilti3?8ly $IBtffi8d, 
to aem that the normal stress is distributed according to a linear 
law and that the neutral axis is the horizontal diatnater of the Cylinder, 
when a p-m-8 bending moment i8 applied in a vertical plane to a reInforced 

mmmcoque cylind8r. !I%8 linearity of the BtIY388 distribution i8 a ConBe- 
quence of the aeawplption that plane sections peqmndicular to the axI8 of 
the uuloaded cylinder remain plane and porpegxlicglar to the axis when the 
oylinder is dietorted by the applied mom&.. The 8treee distribution 
remins linear 8V8n W-II the ehe8t OOV8ring buckles 011 the C~X'eBBiOn 
Bide of the cylinder but the netiral axis 8hift8 toward the tension Side. 
The nOrInd. etrese can 8til.l be c&xiLated by the simple formula &s/I 
provided t&t in all those pan818 wh8re the sheet is in a bucaed.etate 
th&&ffective width 03 the sheet ratherthan th8 total KSdth is considered 
When the C8ntrOid and the mOIIE3nt of inertia of the section are determined. 
These conclusions wer8 born8 out by the experimnte described in 
r8f8r8IlC8 4. 

The eituation if3 entirely dIffer8nt, however, when them is a cutout 
in the monocoqm cylinder. Stringers from which portions have been cut 
oti offer little meiBtance to eudal. diaplacemnt, 80 that the stress 
diertribtiion in the Cylinder 18 not linear when the end s8ctione of the 
cylinderr8malnplane dur-the diatortiane. Cormereely, if the BtI-888 

58 applied t0 the eIXm.mBeotim8 Of the '3y$mi31d8r COX'??E3SpOIlding t0 the 
lZn88.r pattern aseumd in bending theory, then during the ensuing dis- 
tortions of the cylinder the end t38ctione danotremainplane. 

In the experiments presented herein ae well as In those of 
references 1 and 4 the end B8utione of the Cylinder w8r8 forced to remain 
plane dIXt?ing$het8&8. & the t8Bt8 Of ~fe333nCe 4 8Om ah- Wa8 
neceesary in Order to achieve 1Fnearity of the diBplacemsnt8, and this 
linearity could be check8d with the aid of the strain-gage readings. 
ti the pI’e88nt t8Bt8, as we= 88 in those of reference 1, no direct 
check of the linearity of the displacermmts was possible, eince a plane 
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end section did not corr8spond to a linear strain distribution. Neverthei 
less the rigidity of th8 end rings and loading head is believed to have 
been sufficient to keep the end eeotions plane, because theee elemente 
w8r8 materially heavier than those used in the tet3tB described in 
reference 4 whereas the m applied m=ntB w8r8 smaller. 

An indirect proof of the plane dietortion pattern at the end rings 
wa8 obtained anKLyticaUy. The stresses in the stringers were calculated 
onthe basis Of the asslmrptionthatthe end rings r8mainplan8, and the 
strain distribution obtained wae in good agr8eIllent w-ith that measured. 
Details of the88 calculation8 and compariaone ar8 given in Part Y of 
the present iweetigation (reference 5). 

If there ie a cutout ina reinforcedmonocoqu8 Cylinder, at 801119 
dietance frcm the cutout in the axial direction both the displacements 
andt& Btresses till be dietributed linearly tithsn the accuracy required 
in 8ngiJL38ring Ca&3JlatiOn8. It appears, however, that thie distance i8 
caneiderable. Deviations from the linear law for the stress distribution 
were observed on the cutout eride of each cylinder in the end bands, except 
in Cylinder 43, which was 90 inches long and had a cutout extending over 
9o" inthe circumferential directionend 12.N inches inthe axial 
direction. Figure8 29, 28, and 30 correepondtng to the middle band, the 
iIIt8Rtk3diat8 band, and the end band, r0BpgCtiTdy, of Cylinder 43 8hOW 
howthe deviation8 fromlinearitydecrease withdist;ance fromthe cutout. 
Bands GandHare tithe middle of the cylinder,bandD atadistance 
equal to 80 percent of the dimt8r from the 8dg8 of the cutout, and 
band N at a disfxnce equal to 166 pgrcent of the diameter from the edg8 of 
the cutout. 

In the present tests linearity of the diBplacenk3ntB was enforced at 
the end sectione since this condition is con8id8r8d to be in-better agree- 
me&with realitythanlinearity of*the stress distribtiion. Moreover, 
this 8Ild Condition i8 more COI?Xenient for 8xpertititi work. 

As in references 1 and 4, the fmdamental strain data obtained in 
the teats are presented in a nmiber of dim. In figlEe 4 to 30 the 
Ordin&8 i8 th8 diBt8IlC8 of any individual stringer from the horizontal 
diameter of the cylinder, and the absciesa ie the strain meaeured in the 
stringer. An individual cmve is drawn for each stage of loading, and 
three individual diagrams, l?elated to eith8r the middle band and the two 
endbande, ortothemiddleband,one endbend,andone inte=diateband, 
are presented for each test cylinder. The follaring obeervations may b8 
made incon~ctionwiththese d%gram~: 

1. The Btr888 distribution i8 sensibly linear on the side 
opposite to the cutout. 

2. In the intermediate and end band8 on i&8 cutout &de of 
the oylhder the 8tIW8S08 are considerably r8duced in,the Btring8rB 
having the addle portion8 Cut Out. 
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3. Th8 deviation8 from linearity in th8 tit8rIIk9diat8 and end 
bends onth8 cutout eid8 of the cylinder 8x8 Blight in the oaee of 
th8 45O cutOt$, gr8ater in the case Of the 90" c&out, & very 
larm.ti the C&88 of the 135O cutout. The effectof the circum- 
fer8ntial size of the cutout upon the linearity of the stress &is- - 
tribtiion in the end band can be beet-seen In figures 32 and 33 in 
which strati diagrams are presented for the cutouts of different 
sizes corr8sponding to th8 same applied bending mOm%t. 

4. In the middle of the cylinder on the outout side there are 
in general slight or no deviation8 from linearity in the calge of 
the 45O cutout. The deviations becorns more and more noticeable when 
th8 size of the ctiout i8 increased to go0 and 135O. In mogt c-g 
there is an increase in the BtX8ee in the 8dg8 atringer. m 8Ol.W 

cases there is also a maxked increase in the EI-treee In the stringer 
adjacent to the edge string8r. A comp&son of the strain diagram8 
of th8 middle bands of cyli.nd8rs having differW&-f3iZ8 cutouts is 
preeented in figure8 34 end 35. 

5. The Blight effect of a ~mall4i.z~ cutout upon the stress 
distribution is in contrast with the comparatW8ly large effect 
observed in the t8~t8 described in r8fereIICe 1. Thie difference 
i8 8aBily underetandable, however, if it ie rezaembered that in the 
earlier tests the small4ize outout caused a discontinuity in the 
originally most highly Btreased r&ringer, wh8r8ae 2.n thq preeent 
case the small cutout &iB-lxrrbs at moot the 8ixInger that is located 
at th8 original. neutral ax18 of the cylinder and carries no load. 

6. In the case of Cylinder 43 on8 B-trlnger located at the 
neutral axis W&B removed over a length c.orreeponding to two ring 
fields. The effeot of this very slight &iB-lxrbance becams 
negligible only at a distance of 166 pekent of the dia,ux&er from 
the edge of the cutout. The strain diagrams pr888IXLed in 
figures 4 to 30 Indicate that the effectiof cutouts involving a 
greater nti8r of BtringerB extends over far mater dietanoes. 

7. The agreement was found to be good between strain values 
msaeur8d in strain gage8 located eymmstrictily with respect to the 
vertical plane of e-try of the cylinder. 

Strain in Sheet Covering 

The strati8 calculated from the rosette read- are recorded in 
figure 31 for four applied bending moms&s. The axial etrains were LIEed 
when plotting the strain trajectories of figure 42,. They were found to 
be in good agreement with the a-train8 msaeur8d in the stringers. 

L 
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P 
The oirouu&9rentiel strainwarr compreBBiTe tithe paPe18wheLWthe 

axid strain was tensile. Its magnitud8 waB b8twe8n approximately 
one~hirdandaas-lfourthofthatoftheexELatra$x.~ 

I21th.e absence Ofmappli8dsheerfOrCethe eheeratidi8tri- 
butionmhouldbe antiagmimtrlcwithrespecttothe verticel plane of 
eyrmetryofthe cylinder. Caneequently, &ear ertrainelocated symmt- 
rictiytt;othemiddleofbandEinfigure 318houldbe8qaalinmagnitude 
and opposed in sign. Inreality,the 8XiS of aIrtispneJtryappkrstobe 

8hifted Bliatlytothe left inthis fi@zre. TheImgIlitudeofthe8heem 
strain is between approxtmatelg one--Beventh end one-ninthofthe axial 
8train. 

F,quilibrium of Foroee and &mmtrr 

The zxmultentforce endthe ~8ultantmomntwere calculated from 
the etxainzaeastmenmrts ineachbend. They m listed in table I 
together with the velw8 of the applied mow&. tithe cdlculation it 
we.8 assumed that on the tension side the entire sheet was fully carrying, 
whereas on the oomp~esion side the effeCtiW3 width of 8heet IPa8 betee 
minedwiththe aidofthe form&m 

. 

The critioal m&es of the strain were taken aa 

'flat= 0.5 x lolc (16 e-Gingers) 

%lfLt = 0.174 x lolc (8 str~rs) 
7 

(21 

6 
cmed'3X10 

-4 

The agreement beben the moxmsnte applied end those aeloulated was 
foundtobe reasonably good. Thel9XiZ%lf~IW3l3l&bantWaB d.SOSfQdL 

ae~ompa.redwzl.thth8total tensile force onthe ten&on side andthe 
total compressive force on the campreesim eide of the cylinder, the 
difference of which is the force result&m-L. In gensral the bending . 
moment calculated fram the strain readings in the end band wae found to 
be greaterthanthatinthe tiddle band. The reason for this phenomenon 
ie the fact that in the end bands the aheet carried~little stress because 
it was not attached to the end rings. On the other hand, in the middle 
of the cylinder the sheet is fully carrying on the tension side since 
the stress distribution there corresponds closely to that obtainable in 
as infinitely long cylinder. Because in the calculation of the effective 
width no distinction wae made between middle band and end bends, the aam8 
r&lee being used for all bands, exaggerated values were obtained for the 
bending-moment reeultant at the end of the Cylinder. 
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Strain Variation along S-trinepsre 

The variation of the Btrain in the edg8 Btringers of Cylinder8 41, 
42, and 43 and the variation of th8 strati along the stringer next to 
the edg8 Stringer iii Cylinder 42 are presented in figures 36 to 39. At 
each B-k@ Of loadingthe 8tlY388 tithe middle Of the Btring8riB 
higherthaninanyotherplaoe alongthe Stringer. Since in these 
cylinders only the etring8r at the neutral axie is diecontinuoue because 
of the cutout, the increase in tthe strain in the middle of the B-tringer 
is probably &us to the fact that-the edge stringer ha8 to carry the load 
that would be oarried in a cwqlete cylindsr by the sheet if it had not 
been removed. In mm3 of the figure8 there is a slight increase in 
etring8r B-train at the.enda of the cylinder. This may be attributed to 
the fact that the stringsr has to carry th8 load that the sheet cannot 
carry because it is not attached to the end rings. 

S-train TI'aj8CtOri88 

Figures 11.0, 41, and 42 present the strain trajectories of 
Cylinders 35, 38, and 40, respectively. The cylinder is Imagined to,be 
cut &long a Stringer and developed Into the plane of the drawing. The 
location of the Btrtig9I?B and the rbIg8 18 shown. Point8 on the developed 
surface subj8cted to the Bana etrain are conneoted tith lines denoted as 
trajectories. Since each trajectory represents a cans-tant value of 
BtraIn, the trajectories had to be con8tru&8d by 11y3ann of interpolation 
betWeenthe lrrsasuredvalnes of the B-k&n. 

The trajectories may be vieualized a8 the contour lines of a 
topographic map of the strain surface. The characteriertic feature of all 
the contour &iagramB corresponding to the pr8B8nt series of tests as 
distinct from those of the diagrams corresponding to the symmetric cut- 
out eerie6 de8orib8d in reference 1 is the prevalence of almost hori- 
ZOIltti BtI%&#lt1ine8. This Bhuws that the presence of a cutout near * 
the neutral axis disturbs the strain distribution in the complete 
cylinder much less than do88 a cutout on the compr8seion side. 

SyBt8matio deviation8 from the Straight line8 can be observed &y 
near the ctiout. They indicate an ticreaee in the atrain in the edge 
BtrInger inthe middle of the cutout andadecreaee in the etrainnear 
the cutout in the stringers that KL'W int8rnrptSd by the cutout. II-l mO8t 
figure8 this latter deviation could not be determkI8d accurately because 
of the amall nu&er of etrain readinga. The curves ere indicated, there- 
fore, by dalshed lines. 

Variation of S-train tith Applied Momant 

fi figure8 43 to 46 the e&rain ie plotted &gatit the applied 
moment for a ntrmb8r of tiriP@r8. The curv88 are for Cylinder8 35 36, 
and 38. similar curve8 ware drawn for all the Other cylinder8 Of he 

i 
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test 88ri88 deo, since they w8r8 needed in detexmking by extrapolation 
the strain at the moment of buckling. Figure8 43 to k-6 represent, there- 
fore, typic& eZanrpl88 of different 88ri8B Of CUTVBB. 

All the curpee begin a8 &tiight lines in good approx3mation. Neck 
the buckling load 8011y4 ofthem3norease mor8 rapidly, btk the rate of 
Increase of others becoIlles rrmnler or even negative. For inBtance, for 
the end band of Cylinder 35 (fig. 43) the Blopeof th8 strati curve of on8 
of the edge 8trinfg3r6 Increases, butthatofthe other remains unchanged. 
A similar situation exists inthe etrlngere qdjacenttothe 8dg8 stringer 
inwhichthe absolute value of the strain is hi&erthanthat In the edge 
stringer. k-the end bands of th8 edge strlnegers of Cylinder 36 (fig. b-k) 
the strain bgcames practically conetent when the bucKLing load is approacbd. 
This condition is probably duet to the fact that the edge etrfngere ~r8 
bent considerably in the last stag88 of loading before buckTing occurred. 
Ihthe stringers next to the edge of this same cylinder the rat8 of ix+ 
cr8a~8 of the etrainbecames elightly~ater inthe last stages of loading, 
80 that the me&mmuvalue of the etraininthe atringernexttothe edge 
is considerablyhigherthenthatInth8 edge stringerwhenbuckling occurs. 
& the end bands of Cylinder 38 (fig. 45) the strati in the edge atringer 
inCrt3a8e8 Slightly, that in the Stringer next t0 the 8dg8 BOXMwhat more 
rapidly, an&that inthe second Btringerfromthe edge mor8 andmore slowly 
a8 the bucEU.ng load is approached. Thus atbuokllngthe maxkmxnatrain 
18 reached inthe etr~rnexttothe edge,but duringthe earlier 8tages 

of load- the second stringer from the edg8 carries the highest loada. 
The eituation is shown to b8 quite eimilar in figure 46, which represents 
the strain in the middle band of Cylinder 38. 

Strain Factors 

The mO8-t importantrt38~t8 Of the Btrainm, aeurements are presented 
in figures 47 and 48 in the form of strain factors. A B-train factor is 
the ratio of the maximum value of the nOrE&l Btrati ineasured in the 
cylindsr to th8 maximum theoretical 8train calculated at the 8a1m load 
from the formula MC/I,. The value of I, is calculated for the middle 
section of the cylinder where the cutout ie located. The atrain 'factors 
are given for each 10 percent of the nnt measured at buckling in 
fig'W8 47 and for each x> pOrC811t Fn figure 48. Figqzre 47 pEm8ntS the 
strain factors for the cylinders having 8 string8rs, figure 4.8 for t'aose 
having 16 stringers. Th8 Ordinate is the strain factor and the abscisea 
the circumferential length of the cutout in de-pee. 

The V&k8 of the BtI-aiIl faCtOr doe8 not differ materially from unity 
except for Cylinder 36, which had 16 stringers end a cutout extending 
aver 1350. Itappeera,thBr8for8,thatthe maximum strain, and conse- 
quently the maximnm stress, can be calculated with reaeonable accuracy * 
from the formula MC/& when cylinders of a construction eimllar to that 
of the test, sp8cimena are subjected to pure bending. The mrx&mm 
stresses may be considerably higher, however, when the cutout is V8Z.y 
large bsr 1350). 
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All nine cylinder8 tested failed in general instability. In all the 
tests the edge stringer on the compression side showed large deflection8 
b8fOYW buckling oCCW???ed. At the moment of buckling the edge stringer 
and one or two adjacent &ringers, ae well a8 the sheet covering between 
them, were suddenly displaoed and thia displacement was &way8 accom- 
panied by a sudden, though often not very large, decrease in the applied 
load. In a number of teats the loading wae continued after buckling. In 
theee case8 it was always poesible to inCr8aEie the Value of the load 
prevatling after the drop, but th8 load prevailing just before buckling 
was never again reached. After a steady increaee in the load, a second 
sudden drop occurred at the moment when one or more additional stringera 
buckled. In 8UCh a manner three conaecutivw buckling loads were obtaIned 
tith Borne cylinders. Of the three load8 the first one was always the 
highest. The buckled shapes of the cylinders at the different stages of 
loading are ehown in figures 50 and 51. 

It wae noticed that the tension side of the cylinder did not distort 
at all and the loading head was not rotated. Consequently, the u8e of 
the swiveling parallel linkage in place of the ordinery parallel linkage 
proved to be an unnecessary meaeure of precaution. In 8ome caeee the 
edge string8r buckled in the inward direction, in othere in the outward 
direction. It wa8 not possible to establish any syetematic preference 
for the direction of buclrling. 

The buckling load decreased with increaeing size of the cutout. 
The buckling load8 are plotted in figure 49 again& the size of the cut- 
out. CylWders 38, 35, and 36, having 45O, 90°, and 135O cutout, 
respectively, and 16 atringers show a comparatively rapid increase in the 
buckling load aa the circumferential aize of the cutout decreaeee. For 
comparison, the buckling load of Cylinder 11 is also plotted. This 
cylinder wa.8 tested in the eerie8 of complete cylinders described in 
reference 4. The dashed portion of the curve show8 a sudden increment 
in the bucking load at O"a The jump corresponds to the difference 
between the buckling load of a cylinder which ia clotted along a 
generator (corresponding to a O" cutout) and that of a complete cylinder. 

Cylinder8 39 37, 
ad 1350, respectively. 

and &O had eight stringer8 end cutouts of 4Yot 909 
The calculated buckling load of a complete 

cylinder having eight stringera ie alao ehown .in figure 49 for compariacn. 
It was calculated by the method preeented in reference 6. 

The buckling load8 of Cylinders 41, 42, and k3 constitute the third 
group of points in figure 49. These three cylinder8 had eight stringera 
each and a cutout extending over 90° in the circumferential direction. 
The length of the cutout in the axial direction was 12.9 inches, corre- 
sponding to two ring field8. The buckling load8 of these three cylinder8 
were very much alike and elightly higher than the buckling load of 

(c 
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cyun&3r 3. CyUnder 3-7 differed frcxn CyUnders 41to 43 inasmuch aa 
its cutout extended over three stringer fielCLs. The purpose in test- 
Cylinders 41, 42, and 43 was to tivestfgate the effect of the length of 
the cylinder upon the buckling load. The 18nKthS of Cylinders 41, 42, 
and 43 vere 39, 64, and gCl inches, resnectivels. The differences in the 
buckling load wwe smztll and they were not systemtic. 

Table II &ues the ma- moments carried by the various cylinders 
together with data cancernine; the behavior of each cylinder after buck- 
ling. The average drop Immediately aft8r collapse was 13~5 percent of 
the origLnalbuc~g1os.d. Each cylinder was tested a& after the 
final load. had been left on overnight. TheavaragemaxIm~~~~bernIing 
moment rsachf3d on the second day of loading of th8 cyltnders was 
83.8 percent of the ari&nd buckling load. After t.hd new madmum was 
reached, the lo& was entirel;v r8moved and then-tie cgUndere were loaded 

The average maqzlmwn load reached in this last test nas 
$:ii ,"f%fit of the originalbuckUngload. 

CONC~ONS 

The following conclusicxx~ csn be draw on the basis of test- nine 
rdnforced monocoque cyltiaers with side cutout in pure bending: 

On ths complete side of the cylinder the stress distribution is 
llz~e,'~in very good approximation both at the en&s of the cyUnd.er and 
in the middle where the cutout is'loca.teL 

20 On the cutout side the strese is usually hi&xc in the middle of 
the edge strtnger than In the stri&gw located in a correspond3ng position 
on the cnm-plete side of the CslAndsr. In cyunaers having Large cutouts 
this strsss is oft811 the madam stress in the e&tie cylind8r. .T!hs 
stress in the cut 8trWgers is always less thsn in carrespding 
etringers on the ccqlete eiae of the cylind=. 

3. The maxbum value of the stress can be calculated in first 
approddation by means of the conventional b8nding formula MC/I in which 
I is determined on the basis of the section of the cvlinder 3x1 which the 
cut0u-h is located. When calculating this lrmment of inertia, the 
effective width of sheet should be used. Deviations of the actusl 
madam stress from the values calculated can be eat-ted with th8 aid 
of the strain factors presented. 

4. The buckl4ng load of the cyLLnder decreases as the size of the 
cutiut incr8ases. oh ~yllnaer8 c0Iwmtea 8 3mSarl.y to those tested, 
values of the bendUg moment at bucw can be estimated with the aid af 
the data presented on the effect of size'of w&out on critical mctment. 
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RINGS NOT RIVETED TO SHEET. RINGS NOT RIVETED TO SHEET. 

I6 3 I 
4 

G 
_-_ 

I( 
-13s’ - 

CYL.36 

7 ! 
I6 sm. 

CYL. 37 
8 STR. 

RINGS NOT RIVETED TO SHEET 

2 I6 

4 m c? -k 

4 

0 ' 

-4*9- 
12 

16 STR. 

CYL. 39 
8 3-R. 

-----CENTER LINE OF STRAIN GAGES 

(a) Cylinders 35 to 39. 

Figure l..- Schematic drawings .of test specimens. 
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-I- -I- 
20” 20” 

1 1 

SECTIONS - RING STRINGER 
24S-T ALUki. ALLOY 

24 S-T ALCLAD SHEET THICKNESS - 0.012” 

CYL. 40 
8 STR. 

CYL. 4 I 
8 STR. 

CYL.42 
8 St-R. 

-. -- - CENTER LINE OF STRAIN GAGES. 

(b) Cylinders~40 to 43. - 

- 

CYL.43 
-8 STR. 

c 

c 

Figure l.- Concluchd. 



Figure 2.- Photograph of test setup. 
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Figure 3.- Swiveling parallel-linkage mechanism. 
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. 
-;:- STRINGERS 2 - 8 
----- II 9 -16,l 

MOMENTS in.4 b x IO3 
I----- 36.2 3---- 9 I .2 
2 _____ 64.8 4 _ __ 124.8 

5s---164.5 

I6 STRINGERS 

5 CUTOUT * 90’ 
LENGTH OF CUTOUT 19.3’ 

$4 LENGTH OF CYLINDER 58” 

EDGE OF CUTOUT 

c I I I 

in 
Es 

51 

I 

6 

‘111: 

I 

7 

STRAIN X IO’- -- 

Figure 4.- S@,in diagram of cylinder 35. Band A. 
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a 

6 

5 

6 

7 

a’ 

9 

IO 

MOMENTS in.-lb x 103 
I ______ 36.2 3 91.2 _____ 
2----m 64.8 4-s-s. 124.8 

5 ----_ 164.5 

I6 STRINGERS 
CUTOUT 9o” 

LENGTH OF CUTOUT 19.3” 
LENGTH OF CYLINDER 58” 

EDGE OF CUTOUT 

\ I 1 STRAIN X IO4 

!U\\* \* 

RIN; NOT-FINETLD 
- 

TO SHEET 

I \\\ \ !- .&. CYL. 35 

I 4 IO STR 
1 

1 \\ 

\-L L 

1 1 

I I I 

Figure 5.- Strain diagram o.f cylinder 35. Band E. 

,. -. -. . 

. 
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\/ x\- STRINGERS 2-6 
---c)--- II 9-l6,l 

MOMENTS h--lb x to3 
8 I----- 36.2 3----- 9 I .2 

2-me-0 64.8 4-mm-124.8 
7 S-----164.5 

5 

4 

3 

I 

0 

I 

2 

16 STRINGERS 
CUTOUT 9o” 

LENGTH OF CUTOUT 19.3” 
LENGTH OF CYLINDER 58’ 

6 

Figure 6.- Strain diagram of cylinder 35. Band I. 
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&Jr’: k ’ 1 -xx e\- STRINGERS 2 -8 
---i>--- II g-16,1 

MOMENTS in.-lb x 10~ 
I ______ 27.7 5----- 97.2 
2 _____ 42.2 6-m-m I IO.6 
3 _____ 57.6 7-s-s-126.5 
4 _____ 84.4 8 m-i-147.7 

16 STRINGERS 
CUTOUT 135* 

LENGTH OF CUTOUT 19.3” 
LENGTH OF CYLINDER 58” 

EDGE OF CUTOUT 

I STRAIN X IO’ 
I 

8 

9 

IO 
Figure 7.- Strain diagram of cylinder 36. Band A. 
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IO 
-,\ “- STRtNGERS 2- 8 

9 ----- ” O--tG I d .“,. 

8 
MOMENTS jn.-lb x 10~ 

I ______ 27.7 5 -----97.2 
2 --mm__ 42.2 6 -----I I 0.6 
3----- 57.6 7--m-.126.5 
4 84.4 ______ 8m. ____ 147.7 

16 STRINGERS 
CUTOUT t35* 

LENGTH OF CUTOUT t9.3m 
LENGTH OF CYLINDER 58” 

I 
I 

EDGE OF CUTOUT 

6 

5 

.4 
z 

cr” 3 

4 -8 -12 -I6 -9 -24 .-.---.--.- 
STRAIN X IO4 

I I I 
t 1 1 1 

8 

Figure 8.- Strain diagram of cylinder 36. Eland E . 
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kz 
f B 

L3 H---t 

*:- STRINGERS 2 - 8 
---o--w II 9-l6,l 

MOMENTS In-lb x 10~ 
I -----27.7 5 -_ --97.2 
2 --m-42.2 6-,--l 10.6 
3 m-,--57.6 7 ----,I 26.5 
4 ----- 64.4 a ---- 147.7 

6 STRINGERS 
CUTOUT 135. 

LENGTH Of CUTOUT 19.3” 
LENGTH OF CYLfNDER 58” 

EDGE OF CUTOUT 

2 I I 

I 

0 l6- I2 

I 

6 

II \\\\I\ I CYL.36 I 

8 

Figure 9.- Straindiagram of cylinder 36. Band I. 
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I\ -‘- STRINGERS 2 -8 
-B-s - II 

I 
9-18,t 

1 MOMENTS in--lb x 103 
t _---- I I.3 4 ---- 49.4 

2 -_-__ 20.6 5 ____ 63.9 
3 -- --_ 35.0 6 -----77.9 

7 --m-.89.6 

8 STRINGERS 
CUTOUT 9o” 

LENGTH Of CUTOUT 19.3” 
LENGTH OF CYLINDER 58” 

EDGE OF CUTOUT 

I I 

I - - - - -. 
Figure lO.- Strain diagram of cylinder 37. Band A. 



30 NACA TN,No. 1264 

2 _____ 20.6 5 ---__ 63.9 
3-- L3S.O 6-m-m-77.9 

7 ---mm 89.8 

8 STRINGERS 
CUTOUT 90* 

LENGTH OFCUTOUT 19 -3” 
LENGTH Of CYLINDER 58’ 

I EDGE OF CUTOUT 

ih 
STRAIN X IO’ -- 

figure 11.- Strain diagram of cylinder 37. Band E. 
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\/ I\- STRINGERS 2 -8 
---e-m ” 9 -16,I 

MOMENTS in.-lb Y to3 
I ------ I I.3 4----49.4 

2---e- 20.6 5----m 63.9 
3----- 35.0 6-m-m-77.9 

. J-w-89.6’ 

8 STRINGERS 
CUTOUT 900 

LENGTH OF CUTOUT 19.3” 
LENGTH OF CYLINDER 58” 

EDGE OF CUTOUT 

I 
Figure 12.- Strain d&gram of cylinder 37. Band I. 
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IO 

9 

0 

7 

6 

5 

4 

- - STRINGERS 2-8 
--*-- 11 9-16,’ 

MOMENTS in.-1 b x to3 

2---- 33.9 5--- ‘41.2 
3 _-__ 68.4 6 -m-177.0 

7---- 2’2.1 

I6 STRINGERS 
CUTOUT 4s” 

LENGTH OF CUTOUT ‘9.3” 
LENGTH OF CYLINDER 58” 

4 -6 -jl2 -16 

STRAiN X 104- 

91 I I I I . 
1 

Figure 13.- Strain diagram of cylindw 38. Band A. 
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I. “- STRINGERS 2 -8 
----- II 9 -16,’ 

MOMENTS in.-1 b x IO3 
I __---- ‘4.3 4----t 05.6 
2----- 33.9 5----141.2 
3---m- 68.4 S----177.0 

7-- ~~~2’2.1 

I6 STRINGERS 
CUTOUT 45* 

LENGTH OF CUTOUT ‘9.3’ 

LENGTH OF CYLINDER 58” 

EDGE OF CUTOUT 

STRAIN X IO4 1 

33 

‘01 I I I I I I 

Figure 14.- Strain diagram of cylinder 38. Band E . 
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-,. “- STRINGERS 2-8 
---c)--- II g-16,1 

MOMENTS in.-lb x 10~ 
I -mm-- ' 4.3 4-mm-105.6 
2-----33.9 s----141.2 
3 mm--- 68.4. 6-e-m ‘77.0 

7 ----- 212. I’ I 
I6 STRINGERS 

CUTOUT 45O 
LENGTH OF CUTOUT ‘9.3’ 

LENGTH OF CYLINDER 58” 

I 1 I Y 

t I I 

I I \ u ‘\\ I NOT RIVETED I-D SHEET 1 

. 

Figure 15.- Strahdiagramofcylinder 38. Band I. 
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-. 

IO 
+ STRINGERS 2-8 
--a-- 

MOMENTS 
12. I 4,--- 64. I 
29.5 51-m 02.9 

3 ---- 48.0 6-s-99.3 

LENGTH OF CUTOUT 
LENGTH OF CYLINDER 56’ 

6 

7 

Figure 16.- Stratn diagram of cylinder 39. Band G. 
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*<- STRINGERS 2- 8 
--+-- II Q-16, I 

MOMENTS in.-lb x lo3 
t ---- 12.1 4 --w-64.1 
2 mm-- 29.5 S----82.9 
3 ---- 46.8 6-a-e 99.3 

8 STRINGERS 
I CUTOUT 45. 

LENGTH OF CUTOUT I t 9.3” 
, ’ LENGTH OF CYLtNDER 58” 

EDGE OF CUTOUT 

I I I 

I STRAIN X IO4 

-tF! ! !-! ’ ’ YHP- A’B C D t F 

RI\ \ \I\ I I I I 

Figure 17.- Straindiagram of cylinder 39. BandE. 
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--rk STRtNCERS 2-0 
---- II Q- 16, t 

8 

7 

- 6 

MOMEhJTS In.-lb X IO3 
I ---- 12.1 4 -__ 64. t 

2 ____ 29.5 5 -we_ 829 
3 em__ 46.8 6 -m-m 99.3 

8 STRtNCERS 
CUTOUT 45. 

LENGTH OF CUTOUT Lo.3’ 
LENGTH 0F CYLINDER 58” 

EDGE OF CUrouT ( 
-3 a 

I I I I \\\K 

I STRAIN X IO4 

Flgure 18.- strain diagram g cylinder 39. Bad I. 
*- 
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:\ll i- 
Ill i 

I ---- _ Il.3 4 _ _ mm48.9 
\ \ 2 __-__ 22. I 5 ___m _ 63.3 

3--w- 36.0 6 m-m-76. I 

MOMENTS In.-lb x 10~ I 

8 STRINGERS 
CUTOUT I35O 

LENGTH OF CUTOUT 19.3’ 
LENGTH OF CYLINDER 58” 

EDGE OF CUTOUT 

w I I I I 

?--t-H- 

Figure 19.- Strain diagram of cylinder 40. Band A. 
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IO 

9 

0 

7 

---:.- STRINGERS 2-8 
----- H 9-l8,l 

MOMENTS h-lb x 10~ 
I --,,-I 1.3 4 --mmA8.9 
2 -,----22.1 5 ----m-83.3 
3 -mm-___ 3 8.0 6 --m-,-7 6.1 

6 
8 STRINGERS 

CUTOUT 

. 

Figure 20.- Straindiagramofcylhder40. Band E. 
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, 

MOMENTS h-lb x to3 
t _____ J I.3 4 _____ 46.9 
2 -----22 I 5 v-,-63.3 I 
3- m-m-36.0 6w,,,,76.I 

Y I 

,-:<- STRINGERS 2-6 
---o--- 9-18-t 

8 STRtNGERS 
CUTOUT 135. 

LENGTH OF CUTOUT 19.3” 
LENGTH W CYLINDER 56” 

5\ I EDGE-OF CUTOUT 

I I I I ? II\\\\ 

I , 

Ftgue 21.- Stm.bdiagramofcyUnder40. BandI. 
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++ STRINGERS 2-U 
-S-W- ” 943, I 

ENTS ht.--lb x 10~ 
I -m-e-m 13.4 4 _-m-w 39.7 
2 ---s- 29.1 5 ,,,,,73.3 
3 ---m-44.2 L-a-87.7 

7 -s-s-_ 103.9 

8 STRINGERS 
CUTOUT 90’ 

LENGTH OF CUTOUT 12.9’ 
LENGTH DF CYLINDER 39’ 

EDGE CF CUTOUT 

Figure 22.- Stmin diagram of cylinder 41. Band A. 
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++- STRINGERS 2-8 
Be+-- I1 Q-+3,1 

MOMENTS In.+3 x to3 
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Figure 23.- Strain diagram of cylinder 41. Bands C and D. 
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Figure 24.- strain diagram of cyIinder 41. Band F. 
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Figure 25.- Strain diagram of cylinder 42. Band A. 
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Figure 26.- Strain diagram of cylind& 42. Band F. 
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Figure.27.- Stmindia.gramof~llader42. BandG. 
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Figure 28. - ‘strain diagram of cylinder 43. Band D. 
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Figure 29.- Strah diagram of cylinder 43. Bands G and H . 
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Figure 32.- Effect of size of cutout on strah distribution. 8 stringers. 
End bands. 
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Figure 33.- Effect of size of cutout on strain distribution. 16 stringers. 
End bands. . 
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Figure 34.- Effect of size of cutout on strain distribution. 8 stringers. 
Middle bands. 
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-- Figure 35.- Effect of size of cutout on strain -distribution. 
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16 stringers. 
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Figure 30.- Strab variation along stringer 11. Cylinder 41. 
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Figure 37.- strain varIatloll along siAge.r 11. cylindf!r 42. 
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Figure Xl.- Strain variation along strlnger 11. Cylinder 43. 
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Figure 99.- strain variation along stringer % cylinder 42. 
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Figure 40.- Strain trajectories for cylhder 35. Moment, 36,200 fnch- 

pamds. Values ofstrainto be multipliedby 10". 
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FTgure 41.- Strain trajectories for cylinder 38. Moment, 20,000 inch- 

pouxis. Values of strain to be multiplied by 10B6. 
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FYgure 42. - Strain trajectories for cylinder 40. Moment, 20,000 inch- 
pounds. Values of strain to be multiplied by 10m6- 
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. 



NACA TN No. 1264 63 

-18, 

BAND A 
----- BAND I 

-I 6 o STRINGER 9 
X .$TRINGER IO 

b 
X-IO 

z 
d 
si 

-8 

-6 

40 80 I20 I60 
MOMENT, thousand in.4 b 

t 

200 

Figure 44.- Stringer strain variation with moment. Cylinder 38. 
End bands. 
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Figure 45. - Stringer strain variation with moment. Cylinder 38. 

End bands. 
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Figure 46.- Stringer strain variation with moment. Cylinder 38. 

Middle band. 
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Figure 47.- Strain factors for cylhders with 8 stringers. Percentage 
of msximum moment indicated on curves. 
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Figure 48.- Strain factors for cylinders with 16 stringers. Percentage 
of maximum moment indicated on curves. 
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Figure 48. - Effect of size of cutout on critical moment. 

0.7 

a6 

0.5 

0.4 



, 

(a) Side view of cylinder 35. 

Figure 50.- Photographs taken after loading had been continued after buckling. 
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(b) Inside view of cylinder 35. 

Figure 50.” ContAmed. 
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(d) Side view of cylhder 37. 

FYgure 50.- Continued, 
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(e) Inside view of cylinder 37. 

Figure 50.- Continued. 
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(f) Inside view of cylinder 38. 

Figure 50.- Concluded. 



. 

l 



(a) Side view of cylinder 39. 

Figure 51.- Photograph taken immediately after buckling. 
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(b) Side view of cylinder 40. 

Figure 51.- Cc~ntirued. 
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(c) Inside view of cylinder 40. 

Figure 51.- Continued. 
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(d) Side view of cylinder 41. 

Mgure 51.- Continued. 
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(e) Side view of cylinder 42, 

Figure 51.” Continued. 
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(e) Side view of cylinder 42. 

Figure 51.” Contirmed. 
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(f) Inside view of cylinder 43. 

Figure 51.- Concluded. 


